INTRODUCTION {#sec1-1}
============

Brain tumor is the second most common childhood malignancy, and it is a common cause of cancer-related deaths in middle-aged adults.\[[@ref1][@ref2]\] Glioma is the most common primary brain tumor (50-60%), followed by meningioma (20%) in adults.\[[@ref3]\] Diagnosis of brain tumors is based on the clinical features, neurological examination, and neuroimaging. Magnetic resonance imaging (MRI) is the most relied upon neuroimaging technique for the diagnosis of brain tumors, not only for the anatomic details that can be obtained because its high soft tissue contrast and resolution, but also increasingly for functional information that MRI can provide. Standard T1- and T2-weighted MRI sequences detect brain tumors with high sensitivity with regard to its size and localization, as well as associated mass effect, edema, hemorrhage, necrosis, and signs of elevated intracranial pressure. Biopsy is confirmative and is used to determine the accurate histopathological nature including tumor grade that is very important for treatment planning and prognosis.\[[@ref4][@ref5]\] Unfortunately, it is difficult to evaluate disease status with MRI in patients who have been treated for brain tumor. Treatment induced changes, such as radiation necrosis, can be difficult to distinguish from recurrent tumor clinically as well as on MRI.\[[@ref6][@ref7]\] This is becoming a more critical issue nowadays as concurrent chemoradiation and stereotactic radiosurgery are being used more extensively, which increases the prevalence of necrosis. Furthermore, dexamethasone has been shown to induce a reduction in tumor size on MRI.\[[@ref8]\] ^18^F-fluorodeoxyglucose (^18^F-FDG) positron emission tomography (PET) can help in this regard by demonstrating the metabolic activity of a suspicious lesion so that the lesion can be characterized accordingly.\[[@ref9]\] The main limitation of ^18^F-FDG PET is its high false negative rate due to low lesion to background contrast, as glucose is also a normal substrate for the brain.\[[@ref10]\] Single photon emission computed tomography (SPECT) with various radiotracers has been employed for brain tumor imaging. In contrast to PET, SPECT is more widely available and cheaper. This makes it an attractive alternative, especially in developing countries. SPECT with 99m-technetium (99mTc)-glucoheptonate (GHA) is one such excellent brain-scanning radiopharmaceutical. Though initially introduced as a renal imaging agent during 70\'s, it emerged as a brain tumor agent very soon, and there was a lot of interest in this agent during 70\'s and 80\'s. However, advancement in structural imaging of the brain by computed tomography (CT) and MRI reduced its importance in brain imaging later on. In recent years, there is a resurgence of interest among researchers regarding its role in the management of patients treated for brain tumor - for detection of residual tumor after initial surgery/radiotherapy or detecting recurrence after complete resection. In this review, we have discussed in details the basics of 99mTc-GHA SPECT imaging in brain tumor along with the available literature in this regard.

STRUCTURE {#sec1-2}
=========

The 99mTc-GHA complex can be described as an oxobis (glucoheptonato) technetate (V) anion. In the liquid phase, it shows one oxo group and two GHA groups per molecule. A GHA molecule can coordinate to the 99mTc center with one or two oxygen atoms (mono- or bidentate). The GHA is bound to 99mTc by the carboxyl oxygen. pH titrations show release of one proton per GHA in the complex formation and hence one of the hydroxyl oxygens must also be coordinated to 99mTc, with the release of a proton. The two GHA molecules form bidentate chelates to 99mTc \[[Figure 1](#F1){ref-type="fig"}\]. The compound does not crystallize from an aqueous solution after the addition of large cations (e.g. allyl-ammonium salts) and/or organic solvents.\[[@ref11][@ref12]\]

![Chemical structure of 99m-technetium-glucoheptonate and outline of its labeling procedure](IJNM-30-1-g001){#F1}

LABELING {#sec1-3}
========

Labeling of GHA with 99mTc is easy; it can be prepared in-house and is very cost effective. 99mTc-GHA can be obtained by using commercially available GHA labeling kit, with 95-100% of 99mTc labeling efficiency. In this kit, both GHA and Sn (II) are present in excess to which nanomolar amount of 99mTc-pertechnetate added. The Sn (II) excess is necessary, to overcome partial oxidation in the solution buffered at pH 5.6 by the GHA excess. Partial hydrolysis of Sn (II) at pH 5.6 does not influence the reduction capacity. Available kits contain Gluceptate Calcium and Stannous Chloride Dihydrate in lyophilized form. The final pH is adjusted to 5.0-5.5 with HCl or NaOH prior to lyophilization.\[[@ref13]\] The kit can also be prepared in-house from commercially available GHA powder. You need to adjust the pH by adding hydrochloric acid and sodium hydroxide before lyophilization. To make 99mTc-GHA injection for imaging, it has to reconstituted from the freeze-dried kit using freshly eluted 99mTc-pertechnetate solution containing a maximum of 100 mCi (3.7 GBq) of activity, followed by stirring for 1 min and can be used after 5 min. The 99mTc-GHA labeled in this manner should be stable for over 6 h after labeling. The 99mTc-labeling reaction depends on maintaining the stannous ion in the reduced state. Hence, sodium pertechnetate containing oxidants should not be employed. Using proper shielding, the vial should be visually inspected to ensure that the solution is clear and free of particulate matter before proceeding further.\[[@ref14]\] The solution should not be used if it is cloudy. 99mTc-GHA solution should be stored at 2°C-8°C and discarded 6 h after reconstitution.

BIODISTRIBUTION {#sec1-4}
===============

When injected intravenously, 99mTc-GHA is rapidly cleared from the blood. The blood clearance curve is triexponential with the two faster components accounting for more than 90% of the injected dose. In patients with normal renal function, less than 15% of the initial activity remains in the blood after 1 h. About 40% of the injected dose is excreted in the urine in 1 h, whereas about 70% is excreted in 24 h. In patients with renal disease, the blood clearance and urinary excretion of the radiopharmaceutical are delayed. Up to 15% of the injected dose is localized in the kidney by 3 h and retained in the kidneys.\[[@ref11]\] The renal retention is greater in the cortex than in the medulla. The radiopharmaceutical may be bound to the proximal convoluted tubules, which are located primarily in the renal cortex. 99mTc-GHA tends to accumulate in intracranial lesions that are associated with excessive neovascularity or an altered blood-brain barrier (BBB). It does not accumulate in the choroid plexus or salivary glands.

MECHANISM OF 99M-TECHNETIUM-GLUCOHEPTONATE UPTAKE IN BRAIN TUMOR {#sec1-5}
================================================================

Various authors have recognized the following principal factors involved in the molecular radiopharmacokinetics of brain tumors: (a) Vascularity, (b) interstitial fluid, (c) capillary permeability, and (d) intracellular uptake.\[[@ref15][@ref16]\] Biochemical and electron-microscope studies have shown that in almost all brain tumors there is much more interstitial fluid than in normal brain.\[[@ref17][@ref18]\] The results with 99mTc-gluconate complex as obtained by Boyd *et al*. suggest rapid filling into the extracellular fluid compartment and a subsequent release from it.\[[@ref19]\] The extracellular fluid compartment in the brain tumor could be responsible for the initial faint appearance of an abnormal zone that would represent an intermediate step between the optimal time for tumor visualization and rapid blood clearance of 99mTc-GHA. The different results obtained with the 99mTc-GHA and 99mTc-pertechnetate undermines the importance of BBB breakdown as the only mechanism of 99mTc-GHA uptake in brain tumors. Léveillé *et al*. opined that 99mTc-GHA contributes significantly to the detection of brain tumors because: (a) 99mTc-GHA molecular dynamics are different from those of Tc-pertechnetate in neoplastic brain tissue, but similar in infarcted brain tissue; and (b) there is a gradual uptake of the 99mTc-GHA over a period of many hours in brain tumors in spite of very rapid blood clearance.\[[@ref15]\] The results obtained in animals\[[@ref19]\] and humans\[[@ref20]\] showed rapid diffusion into the extracellular fluid of the whole body, with subsequent release from the extracellular compartment. While vascularity and capillary permeability are surely among the earliest and most critical factors, the low blood level of the 99mTc-GHA observed after an hour excludes any passive uptake mechanism, so the gradual accumulation in the brain tumors, probably involves an active transport mechanism. Being glucose analog, 99mTc-GHA is probably taken up as an energy substrate by the tumor tissue and thus it can reflect the metabolic activity of the lesion.\[[@ref15][@ref21]\] Furthermore, being a blood-brain barrier agent, 99mTc-GHA gives high lesion to background ratio with good quality images for lesion visualization. The uptake of 99mTc-GHA in viable tumor increases with time whereas it clears rapidly from inflammatory lesions.\[[@ref22]\]

RADIATION DOSIMETRY {#sec1-6}
===================

Based on the data of the International Commission on Radiological Protection Publication 53,\[[@ref23]\] total effective dose to the patients injected with 99mTc-GHA radiopharmaceutical is 0.0090 mSv/MBq (0.033 rem/mCi). Bladder wall gets the highest radiation absorbed dose as an individual organ, i.e. 0.056 mGy/MBq (0.21 rad/mCi). Next are the kidneys with radiation absorbed dose of 0.049 mGy/MBq (0.18 rad/mCi). Other pelvic organs and large intestine receive very minimal radiation dose.

IMAGING AND INTERPRETATION {#sec1-7}
==========================

The usual recommended dose of 99mTc-GHA for adult and adolescents is 20--25 mCi (740-925 MBq). Though there is no uniform postinjection waiting period for brain tumor imaging, an uptake period of 1 h is good enough to obtain a good quality image with high tumor to background contrast. As there is rapid clearance of the tracer from circulation, many studies are performed even after half an hour waiting period.\[[@ref24]\] However since some studies have suggested that delayed scanning shows increasing tracer uptake in the tumor tissue with time,\[[@ref25][@ref26]\] we are in favor of at least 1 h waiting period. Some researchers have also proposed for early and delayed scanning (at 1 h and 3 h) to calculate retention index. Imaging could be performed with any SPECT system, preferably a dual head gamma camera. Planar imaging is not required, and only SPECT acquisition is sufficient. At the time of the imaging head should be fixed and kept as close to the collimator as possible.\[[@ref26]\] Images should be properly reconstructed (tomographic reconstruction: Filtered back projection or ordered subset expectation maximization) after excluding motion abnormality. Reconstructed images should be reviewed in three axes (axial, coronal, and sagittal) and three-dimensional view.

Normal 99mTc-GHA brain scans show no abnormal radiotracer uptake within the brain parenchyma except for low background activity. Abnormal 99mTc-GHA uptake in brain parenchyma is, usually, interpreted as positive for tumor. However, presence of radiotracer accumulation in the venous sinuses should be kept in mind while interpreting the images \[[Figure 2](#F2){ref-type="fig"}\]. Use of hybrid SPECT/CT or side by side viewing with MRI/CT, improves reader confidence as well as specificity. For quantifying the radiotracer uptake in the tumor or severity of BBB breakage, lesion to background ratios (to the scalp, surrounding brain tissue, and nasopharynx) can be calculated. Some of these ratios used in different studies are T/B uptake ratio (tumor activity/normal brain parenchymal activity), T/S uptake ratio (tumor activity/scalp activity), and T/NP uptake ratio (tumor activity/nasopharyngeal activity).\[[@ref27][@ref28][@ref29]\] In our previous studies, we found that a viable brain tumor usually has 99mTc-GHA uptake more than double of the normal brain background (T/B \> 2) and similar to scalp radiotracer uptake (T/S ≈ 1).\[[@ref28][@ref29]\]

![Representative images of a normal tumor negative transaxial 99m-technetium (99mTc)-glucoheptonate (GHA) brain single photon emission computed tomography (SPECT) (a) and a tumor positive 99mTc-GHA brain SPECT (b, arrow)](IJNM-30-1-g002){#F2}

REVIEW OF LITERATURE {#sec1-8}
====================

99mTc-GHA was introduced as a brain-scanning agent in mid-1970. Waxman *et al*. demonstrated the advantages of 99mTc-GHA over 99mTc-pertechnetate as a brain-scanning agent for brain tumors.\[[@ref30]\] Based upon previous reports of 99mTc-GHA accumulation in acutely infracted myocardium, Rollo *et al*. postulated that the improved detection of brain lesions was due to a combination of increased binding to abnormal tissue and a rapid blood clearance of the agent. In a comprehensive study comparing 99mTc-GHA with 99mTc-pertechnetate and 99mTc-diethylenetriamine penta-acetic acid as brain-scanning agents, they concluded that 99mTc-GHA was the radiotracer of choice for detection of central nervous system abnormalities.\[[@ref31]\] Léveillé *et al*., in their study also demonstrated the superiority of 99mTc-GHA over 99mTc-pertechnetate for the detection of CNS tumors. In addition, they concluded that compared with early brain scans, delayed studies frequently provided improved lesion detection, and they observed progressive accumulation of 99mTc-GHA in primary and metastatic brain tumor at 4 h and even up to 9 h after injection. The authors proposed that 99mTc-GHA functions as a substrate for the highly metabolic brain tumor tissue, which results in an enhanced lesion uptake.\[[@ref15]\] Tanasescu *et al*. analyzed 859 consecutive 99mTc-GHA brain scans and found a tumor detection rate of 94%. They reported that a combination of several factors such as enhanced blood clearance, effective penetration of the BBB, active uptake by tumoral tissue and tissue binding forms the basis of brain tumor imaging with 99mTc-GHA.\[[@ref22]\] Barai *et al*. in their study found 99mTc-GHA SPECT to be an effective imaging modality for detecting recurrent glioma in patients treated with radiotherapy. In their series SPECT was true positive in 51/55 and true negative in 17/21 patients.\[[@ref27]\] Jaiswal *et al*. in a recent study evaluated intracranial space occupying lesions with 99mTc-GHA brain SPECT and observed a high specificity for neoplastic Tissues. No 99mTc-GHA concentration was noted in any of the inflammatory lesions, with a sensitivity of 97.62% and specificity of 100% for brain tumors.\[[@ref24]\] Perfusion tracers like Thallium-201 (201Tl), 99mTc-sestamibi and 99mTc-tetrofosmin have been used as the brain tumor imaging agents with the assumption that their uptake is independent of BBB disruption and depends on their active intracellular uptakes. Barai *et al*. in their subsequent studies compared 201Tl and 99mTc-tetrofosmin SPECT, with 99mTc-GHA SPECT for the evaluation of recurrent brain tumors. They concluded that 99mTc-GHA is an accurate agent for SPECT imaging of recurrent brain tumors, may provide significant information about the location of the tumor margin and is more advantageous because of its specific uptake.\[[@ref32][@ref33]\]

In one of our studies (2011), we compared the efficacies of 99mTc-GHA SPECT and contrast-enhanced MRI for detection of recurrent glioma. Eighty-five patients with histopathologically proven glioma with a clinical suspicion of recurrence were evaluated using 99mTc-GHA SPECT and MRI. The sensitivity, specificity and accuracy of 99mTc-GHA SPECT were 86.5%, 96.5% and 89.4%, respectively, whereas those of MRI were 94.6%, 24.1% and 70.5%, respectively. Thirty patients had intermodality discordance, with 99mTc-GHA SPECT being correct in 23 of them.\[[@ref28]\] In another study (2011) we compared the efficacies of 99mTc-GHA SPECT and ^18^F-FDG PET/CT for detection of recurrence in patients with glioma. The sensitivity, specificity, and accuracy of 99mTc-GHA SPECT were 85%, 97%, and 89%, respectively, whereas those of ^18^F-FDG PET/CT were 70%, 97%, and 80%, respectively. On histopathological subgroup analysis, 99mTc-GHA SPECT performed better than ^18^F-FDG PET/CT in all grades except for grade II gliomas, where both were equally effective. In all, 15 patients in this series had intermodality discordance, with 99mTc-GHA SPECT being correct in 13 of them.\[[@ref29]\] In recent study Karunanithi *et al*.\[[@ref34]\] compared the diagnostic accuracies of 99mTc-GHA SPECT/CT with ^18^F-Fluorodopa (^18^F-FDOPA) PET/CT in 30 patients with suspicion of recurrent glioma. Sensitivity, specificity, and accuracy were 86.4%, 62.5%, and 80% for 99mTc-GHA SPECT/CT and 100%, 87.5%, and 96% for ^18^F-FDOPA PET/CT, respectively. No significant difference was found between them overall (*P* = 1.00), as well as for low-grade (*P* = 0.250) or high-grade tumors (*P* = 0.50). The authors concluded that 99mTc-GHA SPECT/CT can be used as a low cost alternative to ^18^F-FDOPA PET/CT for recurrent glioma.\[[@ref34]\] It must also be highlighted that 99mTc-GHA SPECT has limitations in imaging of posterior fossa tumors due to high background activity in this region. Barai *et al*. in their study found that brain SPECT is not sensitive enough in detecting recurrence of infratentorial brain tumors.\[[@ref35]\]

CRITICAL APPRAISAL {#sec1-9}
==================

99mTc-GHA SPECT is routinely performed at some centers such as ours for brain tumor evaluation. Its uptake is predominantly dependent on BBB disruption. BBB disruption or capillary leak is variable in different grades of glioma, being higher in high-grade tumors and limited in low-grade tumors. Hence, low-grade primary brain tumors are not very much 99mTc-GHA avid. 99mTc-GHA SPECT is a good agent for detection of residual tumor after primary treatment with surgery/radiotherapy and also for detecting recurrence \[Figures [3](#F3){ref-type="fig"}--[5](#F5){ref-type="fig"}\]. Since recurrent tumors, usually, transform to higher grades, 99mTc-GHA is even useful in recurrent low-grade tumors. Early detection and optimal treatment of the residual/recurrent tumors may have lifesaving impact. All of the studies reported earlier including our own observation support the usefulness of 99mTc-GHA SPECT in this setting.\[[@ref28][@ref29]\] 99mTc-GHA also overcomes several limitations of other SPECT agents used for brain tumor imaging. SPECT with 201Tl has the disadvantage of low energy emission (69-83 keV) unsuitable for gamma camera, dependence on clearance of background activity and its inability to differentiate tumor from other slow clearance sites (such as infection, inflammation). 99mTc-sestamibi has the disadvantage of accumulation in the choroids plexus, which makes it less preferable for some tumors. In addition, massive endothelial injury in postoperative case also limits its utility.\[[@ref33][@ref35]\] Active tumoral uptake of 99mTc-GHA with no or minimal background activity is a strong point in its favor. It is clearly superior to MRI for differentiation of active tumor and radiation necrosis \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}\]. It is also better than ^18^F-FDG PET/CT in some situations, where the latter is false negative due to high physiological uptake in normal brain \[[Figure 8](#F8){ref-type="fig"}\]. Limitations of 99mTc-GHA SPECT in the grade I brain tumors because of intact BBB and in posterior fossa tumor because of high background activity are well-known and the results from our previous studies confirm this. Other causes of false negative 99mTc-GHA SPECT are small lesion size and proximity of the lesion to scalp or nasopharynx where normal tracer uptake is very high. Small lesion cannot be picked because of limited resolution capability of the SPECT system. Proximity to high background areas (scalp/nasopharynx) overshadows the lesion.\[[@ref28][@ref29][@ref35]\] For the purpose of quantification of tumoral tracer uptake, different ratios have been used by various authors. Among all these 99mTc-GHA uptake ratios, in our opinion "tumor to normal brain background" (T/B) ratio is most useful for quantification purposes. From our experience, T/B ratio should be more than 2 to declare the tracer uptake as positive for tumor.\[[@ref27][@ref28][@ref29]\] Some authors have suggested the term of "99mTc-GHA index." It is be calculated by drawing region of interest over the tumor and on the contralateral brain parenchyma, and calculating the ratio of average counts/pixel of both the regions.

![A 27-year-old male patient with perisylvian oligodendroglioma, postsurgery and radiotherapy, with suspicion of local recurrence in magnetic resonance imaging. 99m-technetium-glucoheptonate single photon emission computed tomography was negative for recurrence in this patient](IJNM-30-1-g003){#F3}

![A 44-year-old male patient with right occipital grade II oligodendroglioma, primarily treated with surgery, radiotherapy and temozolamide was evaluated for residual tumor. 99m-technetium-glucoheptonate brain single photon emission computed tomography was positive for residual tumor in this patient (arrows)](IJNM-30-1-g004){#F4}

![A 35-year-old female patient with right temporal grade II astrocytoma, primarily treated with surgery and radiotherapy, was evaluated for suspected recurrence. 99m-technetium-glucoheptonate brain single photon emission computed tomography was positive for local recurrence (arrows)](IJNM-30-1-g005){#F5}

![A 38-year-old female with right temporal glioma, postsurgery and radiotherapy with clinically suspected recurrence. She was positive for recurrence on 18F-fluorodeoxyglucose positron emission tomography/computed tomography (PET/CT) (a, arrow), magnetic resonance imaging (MRI) (b, arrow) and 99m-technetium (99mTc)-glucoheptonate (GHA) single photon emission computed tomography (SPECT) (c, arrow). However, the lesion on MRI (a) covered both viable tumor and radionecrotic area. 99mTc-GHA SPECT image is showing only tracer uptake at viable tumor area (c, arrow), well correlated with the positive tumor area delineated by PET/CT (a, arrow)](IJNM-30-1-g006){#F6}

![A 27-year-old male with left temporoparietal oligodendroglioma, primarily treated with surgery and radiotherapy. Recuurence was suspected on magnetic resonance imaging (MRI) (a, arrows). 99m-technetium (99mTc)- glucoheptonate (GHA) single photon emission computed tomography (SPECT) was negative for recurrence (b). ^18^F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) (c) showed calcification (arrow) but no recurrent tumor. MRI was false positive while 99mTc-GHA SPECT and ^18^F-FDG PET/CT were true negative in this patient](IJNM-30-1-g007){#F7}

![A 30-year-old male with right frontal grade II astrocytoma, primarily treated with radiotherapy, presented with severe headache. Magnetic resonance imaging (a) was positive for residual/recurrent tumor (arrow). 99m-technetium-glucoheptonate single photon emission computed tomography (b) was also strongly positive for recurrent/residual tumor (arrow). However, on ^18^F-fluorodeoxyglucose positron emission tomography/computed tomography (c) the recurrent/residual lesion was hypometabolic (arrow)](IJNM-30-1-g008){#F8}

CONCLUSIONS {#sec1-10}
===========

99mTc-GHA is a time tested, low-cost radiopharmaceutical agent for brain tumor imaging. In view of structural clarity of brain MRI, 99mTc-GHA SPECT has not much additional value in primary brain tumors. However, it can be is strongly recommended for detecting residual tumor after surgery/radiotherapy and also for detection of recurrent tumors. It shows comparable, sometimes better diagnostic performance than other SPECT and PET tracers and therefore can be used as a low-cost alternative.
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